ABSTRACT L-11-"4ClAscorbic acid was supplied to detached barley seedings to determine the subcellular location of oxalic acid, one of its metabolic products. Intact vacuoles isolated from protoplasts of labeled leaves contained I'4Cloxalic acid which accounted for about 70% of the intraprotoplast soluble oxalic acid. Tracer-labeled oxalate accounted for 36 and 72%
tomato, may contain one-tenth this amount. In the very high accumulator Halogeton glomeratus, Ca-OA can account for 30Yo ofthe dry weight ofthe plant (10) . Glycolic, glyoxylic, and isocitric acids (8) and oxaloacetic (1) and ascorbic (7, 13) acids are known to donate carbon to OA in plants. The relative significance of these metabolites as precursors of OA has not been established.
Ca-OA, in various crystalline forms, often is observed in plant vacuoles (2) . It also has been reported to occur in cytoplasm, in cell walls, and in extracellular spaces. However, ultrastructural observations suggest that extracellular Ca-OA originates in vacuoles (see ref. 4 and references therein). Soluble OA salts are thought to be contained in vacuoles. In the study presented here, vacuolar deposition of OA formed from AA was tested in barley, a low level OA accumulator in which AA to OA conversion has been reported (9) . 70o ethanol. To prepare protoplasts, the leaves were sliced into 1-mm strips and the strips were incubated in a sterile solution containing 1% Cellulysin, 0.5% Macerase (both from Calbiochem), and 0.7 M mannitol. Leaves from 24 plants which had not been labeled were similarly treated to provide carrier protoplasts and vacuoles. Tissues were about 75% digested after incubation at 25 C and in room light for 4 h. After removal of undigested materials, labeled-tissue and carrier-tissue digests were combined and protoplasts were recovered by sedimentation at 500g. Protoplasts (0.4 ml) were washed three times with 40 ml 20 mm Mes-KOH (pH 5.5). One-fifth was removed to be used as a protoplast sample before protoplasts were sedimented from the third wash. The remaining four-fifths was used to prepare vacuoles, essentially as previously described for the preparation oftulip leafvacuoles (12) . Vacuoles were released in 0.17 M KH2PO4/K2HPO4 (pH 8.0); Kphosphate), and most residual protoplasts and much of the resulting particulate material were sedimented at 500g. The supernatant was made 17% (w/v) with sucrose by addition of 60%o (w/v) sucrose and this solution was overlayered with a vacuole flotation zone consisting of 10 ml 18% (w/v) sucrose, 20 mm Hepes-NaOH (pH 8.0). The supernatant made 17% (w/v) with sucrose contained K-phosphate (0.12 M) and was more dense than buffered 18% (w/ v) sucrose. Centrifugation at 5000g for 10 min at 20 C caused vacuoles to float to the top of the 18% sucrose zone. The top 2 ml of this zone was recovered as the vacuole fraction. The remainder was treated separately (see below) but considered as part of the cytosol in the calculation of results (see Table I , footnote c).
MATERIALS AND METHODS
A fraction representing cytosol was recovered from the 17% sucrose zone. Soluble protoplast components were recovered from the sample, previously set aside, by lysis of protoplasts with 0.17 M K-phosphate.
The remaining three labeled plants were similarly treated 96 h after their initial exposure to the label. It was thought that this period would provide ample time for transfer of metabolically formed OA to the vacuole. The oldest leaves of cuttings began to show signs of senescence after 70 h, but cuttings were fresh and turgid at 96 h. Numbers and quality of protoplasts and vacuoles were like that obtained after 22 . The occurrence of higher glucosyl transferase activity in the cytosol fraction than in the protoplast fraction was reported and discussed in an earlier publication (5).
Fractions from both experiments including the protoplast lysates, vacuole, the fraction representing cytosol, and the remaining 18% sucrose zones were centrifuged at l00,OOOg (1 h) to remove particulate materials. The supernatants were made 0.1% with oxalic acid to provide carrier OA and the total OA was recovered as insoluble Ca-OA after addition of a slight molar excess of calcium formate. The Ca-OA precipitates were washed twice with cold water, dried, and weighed, and aliquots were assayed for radioactivity in Aquasol (New England Nuclear)-water after solution in 6 N HCI. Attempts to purify OA from Ca-OA products by sublimation following the procedure described earlier (13) were unsuccessful. Passage of HCI solubilized salt through a Dowex 50 (Na+) column and subsequently a Dowex 50(H+) column yielded free acid which was purified by sublimation (yields averaged 80%1o).
Portions of sublimed OA were dissolved in 1 ml water and counted after addition of 10 ml Aquasol.
Samples of sublimed OA prepared from the vacuole fractions of both experiments were converted to sodium-OA by passage through a Dowex 50(Na+) column, diluted with carrier OA and converted to S-benzylisothiuronium oxalate following the procedure of Vogel (11) . Specific radioactivity of sublimed OA was retained in the derivative (m.p., 198 C) and in derivative recrystallized from hot water.
RESULTS AND DISCUSSION
OA formation from [1-'4CJAA has been observed in barley seedlings which were pulsed with label and subsequently held in water for 22 and 96 h. In both experiments, vacuoles derived from protoplasts of labeled leaves were found to contain about 70%3o of the soluble [14C]OA recovered from protoplass (Table I) 
